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CP violating effects in the single top quark production via flavour changing neutral 
current (FCNC) reactions e + e~ — > tq and e + e~ — > tq (here q refers to charm and up 
quarks) are studied. The effective Lagrangian description of the FCNC interactions is 
in | used. A numerical analysis is performed for some next linear colliders. CP violating 

asymmetries for the number of q and q quarks are obtained to be of order 10~ 2 — 10~ 3 
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Q\ , depending on the CM energy. 
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O ' 1- Introduction 

Ph! One of the major goals of the next linear colliders (NLC) will be searching for flavour 
Q_i! changing processes. Within the standard model (SM) these processes occur at the one- 
loop level and are unobservably small £Q . Thus any signal of such reactions will be a clear 
evidence of new physics beyond the SM. The top quark with its large mass seems to play 
the leading role to provide useful information on new physics. Searching for CP violation 
in top sector seems especially promising [2]. For detailed analyzes of CP asymmetries in 
single top production within the minimal supersymmetric model (MSSM) see [3]. On the 
flavour changing top-charm (or top-up) transitions, there are lots of theoretical studies 
in the literature. Two popular models allowing such transitions are multi-Higgs-Douplet 
models jl] and Supersymmetry j^] . Another possible manifestation of these kind of new 
interactions in the top sector is to alter its couplings to the other known particles, which 
is called as effective Lagrangian description [HI Ej • In this approach, deviations from 
the SM for the flavour changing vertices are described by a linear effective Lagrangian 
containing a series of effective operators whose coefficients are suppressed by power of 
1/A, where A is a high mass scale up to which the effective theory is assumed to hold. 
For the flavour changing processes, the lowest dimension gauge invariant operators built 
from SM fields are dimension six, but after spontaneous symmetry breaking the effective 
Lagrangian induces the dimension five operators [B], 

C = ee q i — ~ ik 1 'j 5 )cA^ (1) 
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where q is the momentum of the exchanged gauge boson, 6w is the Weinberg angle, e 
and g denote the gauge couplings relative to U(l) and 577(2) symmetries respectively, 
e q denotes the electric charge of up-type quarks, A 11 and Z M the fields of the photon and 
Z boson. 

In this paper, we investigate the CP asymmetries in the FCNC single top quark 
production. More precisely, we consider the two CP conjugate flavour changing processes 
e + e~ — > tq and e + e~ — > tq (here q refers to charm or up quarks). For numerical 
evaluations, the parameters of the three high energy linear colliders (LC) LEP II, TESLA 
and CLIC are used ®E|. 



2. Derivation of the CP violating asymmetry 

Considering only the CP violating k 7 and kz terms in the effective Lagrangian, 
contribution of the CP conserving couplings to the asymmetry are less than 0.3 %, 
the top decays t — > q^y and t —> qZ are written as 
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where a z = ~ and v z = ~ — | sin 2 9w- 

By using the 95 % C.L. limits of BR(t -> g 7 ) < 0.032 and Bi2(t -> gZ) < 0.33 
[TH] . we obtain that while k 7 is real, kz is pure imaginary and the restrictions on the 
couplings follows: 

|k 7 | < 0.28 and \\mk z \ < 0.58 . (4) 

In obtaining these restrictions we have taken A = m t . 

To estimate the possible size of the effect, we consider the following CP- violating 
quantity : 

_ o-jtq) ~ ajtq) . s 

Acp - mrm (5) 

where a{tq) and a(tq) are the total cross sections for the processes e + e~ — > tq and 
e + e~ — > tq, respectively. The total cross section for the process e + e~ — > tq is obtained 

as 

where a 7 , are the cross sections for s channel 7 and Z exchange processes, 
respectively. o~i n t corresponds to the interference term of the amplitude. These are 
given by 
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where a| = 
process e + e" 



and 
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4 and v e z = —\ + 2 sin 2 ^. The total cross section for the CP conjugate 
— > tq differs only in the interference term, that is, 
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3. Numerical results 

The CP asymmetries are evaluated for LEP II with yfs = 200 GeV, TESLA with 
\/s = 500 GeV and CLIC with = 1 TeV. With the increasing CM energy, the ability 
of a collider to probe the existence of FCNC couplings is improved. But the sensitivity 
to these couplings scales with the integrated luminosity L approximately as 1/ y/L. As 
an example in figures 1(a) and 1(b) we display the sensitivity to the couplings as a func- 
tion of integrated luminosity at s/s = 500 GeV. In figure 121 the asymmetry is displayed 
as a function of the CM energy in the range of 200 - 1000 GeV. In figures H3 0] and 
the CP asymmetries are shown also as a function of couplings k 7 and ImRz for the CM 
energies 200 GeV, 500 GeV and 1000 GeV, respectively. If these couplings are saturated 
to their upper bounds given in equation (J3J) the following values are obtained for three 
different A values: 





A = 


175 GeV 


A = 


500 GeV 


A = 


1000 GeV 




= 200 GeV 


A = 


1.84 x 10^ 2 


A = 


1.39 x 10~ 2 


A = 


7.95 x 10" 3 




= 500 GeV 


A = 


9.79 x 10" 3 


A = 


1.45 x lO" 2 


A = 


1.09 x 10" 2 




= 1000 GeV 


A = 


3.22 x 10~ 3 


A = 


7.17 x 10~ 3 


A = 


8.16 x 10~ 3 



The total cross section for the process e + e — > tq, with \/s = 500 GeV, as a function 
of the couplings is plotted in figure |H1 In all figures we have taken A = m t . 
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4. Conclusions 

We have studied the CP asymmetries in single top production in e + e~ collisions via 
FCNC couplings. We used a model independent effective Lagrangian approach to 
describe these couplings. In this description, the effects turn out to be of the order 
of 10~ 2 -10~ 3 . The total cross section for e + e~ — > tq is ~ 330 fb which means ~ 10 5 
events for TESLA with an integrated luminosity of 300 fb^ 1 . Therefore, an asymmetry 
of the order of 10~ 2 is to be detectable at TESLA. Finally, similar discussions on the 
observability of the asymmetries can be done for other future linear colliders, e.g. for 
CLIC. 
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Figure 1. 95% C.L. sensitivity to the FCNC couplings as a function of the integrated 
luminosity for y/s = 500 GeV . 
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Figure 2. CP asymmetry as a function of the CM energy with « 7 =0.28 and 
Inm z =0.58 . 




Figure 3. CP asymmetry as a function of k 7 and Imkz at y/s = 200 GeV . 
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Figure 5. CP asymmetry as a function of k 1 and Imkz at -y/s = 1000 GeV . 
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